Background: To investigate the association of the change of painful physical symptoms (PPS) after 4 weeks, with the 6-month treatment outcomes of depressive symptoms in patients treated with duloxetine in clinical practice.
Background
Depressive patients frequently report somatic symptoms including painful physical symptoms (PPS) accompanying their depression (mean prevalence 65%) [1] . The causal relationship between pain and depression remains unclear [2] [3] [4] . Pain can be a symptom, a cause, or a consequence of depression [2] . Neurobiological evidence suggests that mood and chronic pain are connected via the serotonin and noradrenalin neurotransmitter pathways. A malfunctioning of the descending serotonergic and noradrenergic pathways could allow routine sensory input to be interpreted as uncomfortable or even painful [5, 6] . Studies investigating the direction of the association between pain and depression suggest that it is the stress of living with chronic pain that causes depression [7] , but there is also evidence that pain develops secondary to depression through increases in pain sensitivity and that high depression scores result in a greater risk of developing chronic pain [8] .
In 69% of depressed patients, painful or non-painful physical symptoms were the only presenting complaints in general practice [9] . This can lead to a lack of awareness of depression, missed diagnosis [10, 11] and inappropriate treatment [12] . Conversely, failure to treat PPS in depressed patients may adversely impact depression treatment outcomes [13, 14] . Recognizing and optimizing the management of pain that commonly coexists with depression may be important in enhancing depression response and remission rates [15] . The presence of severe pain at start of depression treatment has been associated with non-response to antidepressants [16] , and a lower overall pain severity score at baseline was associated with higher odds of achieving remission [17] .
In a naturalistic clinical trial addressing long-term treatment of PPS and emotional depressive symptoms [18] , it was found that the effect of selective serotonin reuptake inhibitors (SSRIs) on PPS was less pronounced than on the emotional symptoms. However, this trial was restricted to SSRIs, and it is argued that for an adequate pain response, substances affecting both serotonin and noradrenaline are necessary [19] .
Extensive data support the efficacy of tricyclic antidepressants (TCAs) for the alleviation of pain in chronic pain patients [20] , and also the newer serotonin and noradrenaline reuptake inhibitors (SNRIs) duloxetine [14] , venlafaxine [21] and milnacipran [22] have shown efficacy in the treatment of pain and depression. Duloxetine is a SNRI with proven efficacy for PPS of depression [14, 23, 24] . Analyses from short-term trials demonstrated that a greater reduction in pain was associated with a higher probability of remission [14, 25] . Furthermore, the efficacy of duloxetine has been also proven for the treatment of painful diabetic neuropathy [26] .
The primary research objective of the present 6-month, observational study with duloxetine ('PADRE') was to investigate the association of an early improvement in PPS with long-term changes in depressive symptoms, which could be used as a predictor of longterm treatment outcomes in depression. Such a predictor could be helpful for an early adjustment of treatment to the individual patient [27] .
Methods

Study Design
The present multicenter, prospective, non-interventional study (F1J-SB-B009) investigated the influence of early changes in PPS in depressed patients on long-term changes in depressive symptoms during treatment with duloxetine in clinical practice over a period of 6 months.
The study was conducted at 693 centers in Germany. Initially, all psychiatrists/neurologists of the Lilly database (about 5000, representing about 70% of office based psychiatrists/neurologists who are involved in pharmacological treatment of depression in Germany) were contacted and finally 693 centers actively participated in the study. Outpatients (age ≥ 18 years) with a depressive episode (according to ICD-10) who were initiated to antidepressive treatment with duloxetine were allowed to enter the study. Treatment patterns were solely at the discretion of the physician and the patient.
The study was approved by the appropriate ethics committee and notified to the German national authority (BfArM, Bundesinstitut für Arzneimittel und Medizinprodukte). Patients provided written consent to the collection and release of anonymized data (according to the Declaration of Helsinki).
Data were collected at baseline (i.e. prescription of duloxetine), after 2 weeks, 1, 3, and 6 months, or at early discontinuation of observation. The study was conducted from August 2005 until December 2007.
Assessments
Depressive symptoms were assessed using the daily selfrating KUSTA scale (Kurz-Skala Stimmung/Aktivierung -Short Mood/Drive Scale) [28] . A high criteria-related validity is indicated by correlations with other rating scales such as the Hamilton Rating Scale for Depression (HAMD; maximum correlation coefficient: r = 0.93). For the present study, the KUSTA items mood, activity, tension/relaxation and sleep were each rated on a 100 mm Visual Analogue Scale (VAS), and a "mean KUSTA score" determined by calculating the arithmetic mean from the values of these 4 items.
The Inventory for Depressive Symptomatology (IDS) [29] is an instrument for the evaluation of the severity of depression. A validated German translation of the clinician rated version (IDS-C) with 30 items was used [30] . The items address simple, single symptoms rated on a 4-step Likert scale ranging from 0 to 3, with severity levels described in terms relevant to each item. Changes in PPS were assessed by using self-rated VAS for overall pain, headache, shoulder/neck pain, back pain, joint pain, thoracic pain, and abdominal pain.
Changes in painful and non-painful physical symptoms were assessed by the patient-rated Somatic Symptom Inventory (SSI) [31] . The SSI consists of 28 symptoms, each of which is rated on a 5-point Likert scale (1 = "not at all" to 5 = "very much").
The outcome assessments were conducted at the visits in the physician's office, either by the patient (KUSTA, VAS pain, SSI) or by the investigator (IDS-C).
Improvements are indicated by a decrease of the respective scores for IDS-C, VAS Pain and SSI, and by an increase of the Mean KUSTA score.
Demographics and other baseline parameters, treatment decisions, concomitant use of analgesics, hospitalizations for depression, and tolerability data (adverse events [AEs]) were collected.
Statistics
For this study, about 4,300 patients were planned to be recruited. This sample size allows measurement of changes in pain using the VAS with adequate precision (10% of the standard deviation [SD] ) in all subgroups derived from the combination of gender and baseline pain (≤ 30 or > 30 mm VAS [32] ). It was assumed that the smallest subgroup, comprising one ninth of the population, would be males with baseline pain > 30 mm, and that 20% of the patients would not provide follow-up data.
Data analyses were performed using SAS version 9.1.3 statistical software. All analyses were exploratory; no confirmatory statistical tests were performed, or statements derived. Continuous variables were summarized using descriptive statistics (number of patients, mean, median, SD, range) and binary or categorical variables using absolute and relative frequencies. A conservative test of whether mean changes over time were statistically significant was done by seeing whether the 95% confidence intervals for the means at the time points overlapped. To address the primary objective, the Mean KUSTA score and whether or not patients had achieved a ≥ 50% reduction in the total IDS-C score at the final visit were analyzed, using linear and logistic regression models, respectively. These models included the following variables:
• Baseline score of the outcome variable All of these independent variables were included in a full model and then removed stepwise. Model calculation was repeated with 50% reduction in VAS for overall pain and SSI between baseline and 2 weeks instead of at 4 weeks. Post-hoc, this model was repeated for patients with clinically relevant (> 30 mm) baseline pain only.
The effect of non-painful physical symptoms on outcomes was also investigated using regression methods.
Model fit was checked by reviewing plots of residuals for the linear regression and the Hosmer-Lemeshow goodness-of-fit test for logistic models. Sensitivity analyses (last observation carried forward [LOCF], repeated measures) were performed to check the robustness of the primary analysis.
A further post-hoc analysis in patients with > 30 mm pain at baseline examined the predictive value of an early response in depressive symptoms (using the IDS-C score, ≥ 50% reduction after 4 weeks and ≥ 20% reduction after 2 weeks) in conjunction with an early response in pain (≥ 50% reduction in overall pain VAS after 4 weeks and ≥ 20% reduction after 2 weeks) and other possible predictive factors.
Data quality was assured by implementing a data validation plan and double data entry. Data from incomplete scales (i.e. missing values for one or more items) were excluded from statistical analysis for the respective visit and patient.
Results
Patients
A total number of 4,517 patients were enrolled into the study, 3,320 patients (73.5%) reached the endpoint at Visit 5 (6-month [see Figure 1] ). Reasons for discontinuation could be documented from 514 patients (321 before Visit 5 and 193 at Visit 5). The most frequently reported reasons for discontinuation were patient decision (34.0%, 175 of 514 patients) and AE (23.2%, 119 of 514 patients). Patients' demographics, diagnoses, and medical history are summarized in Table 1 .
Medication
At study entry, 45.8% of the patients started duloxetine treatment as their initial medication for depression, 50.3% were switched due to inadequate effectiveness of their previous medication. The remainder named different reasons for their switching to duloxetine. The initial duloxetine dose was 30 mg/d in 72.9% of the patients. At 2 and 4 weeks, 64.8% and 73.0% of the patients received 60 mg/d respectively.
Efficacy Results
Depressive Symptoms
The mean KUSTA score continuously increased over time (p < 0.05). Correspondingly, the IDS-C total score continuously decreased over time (p < 0.05). The development over time of all individual KUSTA items was similar to that of the mean KUSTA score. Details on the mean KUSTA score and IDS C score are given in Table 2 .
Painful and Non-painful Physical Symptoms
VAS pain scores and SSI scores improved continuously over time during the study (p < 0.05) as shown in Table 2 .
Categorical analyses of the proportions of patients with a reduction of ≥ 30% or ≥ 50% in VAS overall pain from baseline to 6 months are shown in Table 2 . There was a consistent decrease in the number of patients with a VAS overall pain score of > 30 mm during the course of the study, from 80.0% at baseline to 43.9% at Month 6.
Primary Analysis
The linear regression analysis showed that in the applied model, a 50% reduction in overall pain VAS during the first 4 weeks had the strongest association (F-value = 158.6; p < 0.0001) of all variables assessed with the mean KUSTA score at 6 months. For patients with a ≥ 50% reduction in overall pain VAS during the first 4 weeks, the mean KUSTA score at 6 months was estimated to be 13.32 points higher than for patients without a ≥ 50% reduction. These results were supported by sensitivity analyses based on LOCF and repeated measures approaches. The results were similar for patients with baseline pain > 30 mm. All variables with a statistically significant effect in the regression analysis of the mean KUSTA score are given in Table 3 .
In the logistic regression analysis of the response rate in the IDS-C total score (50% reduction [yes/no]), the IDS-C total score at baseline and the change in the overall pain VAS during the first 4 weeks had the strongest effect (p < 0.0001) among the factors included in the model.
The odds ratio for the change in the overall pain VAS during the first 4 weeks was 3.00 (95% CI: 2.41-3.75). This indicates that for patients with a ≥ 50% reduction in their overall pain VAS during the first 4 weeks, the odds of achieving a 50% reduction in the IDS-C total score after 6 months is 3 times higher than for those who did not. Expressed as relative risks, the probability of achieving a 50% reduction in the IDS-C total score was 1.45 times higher for those patients with an early ≥ 50% reduction in their overall pain VAS.
Further statistically significant factors were similar to those seen in the analysis of the mean KUSTA score.
When performing the model based on 2-week data, the ≥ 50% reduction in overall pain VAS during the first 2 weeks was identified as a relevant factor in influencing the outcome of depressive symptoms after 6 months. Two-week data were associated with a 6.33 point improvement in the 6-month mean KUSTA score, compared with patients without a ≥ 50% pain reduction. The remission rate based on IDS-C (total score ≤ 12) after 6 months was 45.9% for all patients. In a regression analysis, pain reduction (decrease in VAS overall pain of ≥ 50%) during the first 4 weeks was the factor most strongly associated with remission rate (p < 0.0001), with an odds ratio of 2.90 (95% CI: 2.38-3.52). The relationship between an early pain reduction after 2 and 4 weeks and the remission rate after 6 months is shown in Figure 2 . The remission rate in patients with an early pain reduction after 2 weeks (62.8%) was almost as high as in patients with a pain reduction after 4 weeks (66.9%).
In a post-hoc analysis, the early reduction of depressive symptoms measured with the IDS-C scale was added to the linear regression models. Using the reductions during the first 4 weeks in patients with clinically relevant pain (> 30 mm VAS) at baseline, the ≥ 50% reduction in overall pain VAS (F = 94.5, p < 0.0001, estimate = 11.39) and the ≥ 50% reduction in IDS-C total score after 4 weeks (F = 91.8 p < 0.0001, estimate = 11.28) showed the strongest associations with 6-month KUSTA depressive outcomes. An analysis based on the 2-week results with a 20% reduction criterion also showed a strong association of the reduction in overall pain VAS (F = 35.9, p < 0.0001, estimate = 6.52) and the IDS-C total score (F = 29.4, p < 0.0001, estimate = 5.89) with 6-month KUSTA depression outcomes.
Safety Results
During the observation period, 132 patients (3.1%) were hospitalized due to depression, the median duration was 23 days (range: 1 to 153 days). At least one treatment emergent adverse event (TEAE) was reported by 741 patients (17.2%). The most frequently affected system organ classes (at least 3% of patients with an event) were gastrointestinal disorders (395 patients [9 Serious TEAEs were reported by a total of 34 patients (0.79%). The only serious TEAEs reported by more than 2 patients were depression (6 patients [0.14%]) and diarrhea (3 [0.07%]). Serious TEAEs included one report of suicidal ideation; however, no suicide or suicide attempt was reported. Two patients had fatal TEAEs: renal cancer; cerebral hemorrhage.
At each post-baseline visit, mean weight had decreased compared to baseline, but mean decreases were not greater than 0.23 kg below baseline at any time point.
Discussion
In the PADRE study, 80% of the depressed patients had moderate to severe overall pain at baseline. For all patients, the mean overall pain VAS score was 55.0 mm. This high pain intensity could partly result from the fact that depressed patients with pain syndromes could be overrepresented in this study because of the proven analgesic efficacy of duloxetine [14, 23] . However, the observed prevalence of pain in depressed patients in the PADRE study is in line with the literature reporting prevalence rates of 56% [33] , 65% [1] and 88% [34] . For 72.1% of the PADRE population, concomitant somatic diseases were documented most frequently 'muscle and skeleton diseases' (33.7%). The high prevalence of patients suffering from pain conditions may raise concern that common depression rating scales overestimate depressive symptoms in these patients, as they may score higher on somatic items because of their pain rather than because of their mood. However, Poole et al. [35] showed a good correlation of a commonly used depression rating scale that includes somatic items (Beck Depression Inventory-II) with a structured clinical interview for DSM-IV Axis Disorders (SCID) which represents a gold standard for assessment of depressive symptomatology.
The main finding of our study is that early change in pain severity was strongly associated with a long-term reduction of depressive symptoms according to the mean KUSTA score. Pain responders also had a higher chance of achieving a 50% reduction in the IDS-C total score after 6 months.
This association of an early improvement in pain with long term depression outcomes was already seen after 2 weeks, albeit, to a smaller extent than after 4 weeks. This is remarkable, considering that 72.9% of the patients started duloxetine treatment with a dose of 30 mg/day, which is lower than the recommended starting and maintenance dose.
Patients with a VAS pain reduction of ≥ 50% after 2 and 4 weeks, showed also higher remission rates after 6 months than patients without a ≥ 50% pain reduction (Figure 2 ).
For clinicians, it is of interest whether or not early improvement of pain is a better predictor of the longterm outcome to antidepressant treatment than early improvement of depressive symptoms. Therefore, posthoc analyses were performed including early response in depressive symptoms after 2 and 4 weeks (as measured with IDS-C total score). Results showed that an early pain response had similar predictive value compared to early depression response for long term depressive outcomes as measured with the KUSTA scale.
The main results of the PADRE study are in contrast to a recent publication [36] , reporting a very low a For binary outcomes (yes/no) the given estimate reflects the average impact on the KUSTA score if the respective factor is present ("yes") compared to the situation where it is not present ("no"), e.g. in this model the mean KUSTA score for a patient living alone is estimated to be 3.89 points lower than for patient not living alone. For continuous outcomes, the estimate reflects the difference in the KUSTA score for each unit increase of the respective covariate, e.g. in this model for each additional year of duration of depression the mean KUSTA score is reduced by 0.12 points.
predictive association between analgesic and antidepressant responses in six placebo-controlled trials assessing the efficacy of duloxetine in patients with major depressive disorder. However, the studies used in these posthoc meta-analyses were not designed to assess the relationship between antidepressant and analgesic response, and there were only few data points available for early response assessment. Other studies support the association between early improvement in pain and long-term antidepressant response [15, 37] . Pooled data from two 9-week randomized, double-blind duloxetine studies showed that the remission rate for pain responders (improvement in VAS overall pain from baseline to last observation ≥ 50%) was twice that observed for pain non-responders (36.2% vs. 17.8%, p < 0.001). Improvements in pain severity were also related to improved quality of life and improved clinician-and patient-rated global health outcomes [14] . A secondary analysis of a 12-week openlabel trial with duloxetine in 249 patients [25] found similar results. Patients who experienced clinically important pain reduction in the first week of duloxetine treatment were significantly more likely to reach remission at endpoint than the patients without this pain reduction (64.0% vs. 35.6%, p < 0.001).
The results of the PADRE study are of interest in the context of other recent research [27, [38] [39] [40] [41] [42] . Evidence was provided questioning the belief that antidepressant response usually appears with a delay of several weeks, and new evidence continues to accumulate that individual improvement within the first 2 weeks is a key predictor of treatment response. Lack of early response in depression symptom subscales was highly predictive of a lack of sustained remission [41] . A lack of improvement during the first 2 weeks of therapy may indicate that changes in depression management should be considered earlier than conventionally thought [32] . Results from PADRE also suggest that early improvements in concomitant PPS measured with simple VAS scales should be considered in treatment decisions during the initial 2-4 weeks of a new antidepressive treatment. The results of PADRE could also be important for patients with generalized anxiety disorder with or without comorbid MDD, as the clinical relevance of PPS and resulting functional impairment has been reported [43, 44] .
As this was a large observational study in daily clinical practice, several methodological limitations such as the absence of monitoring or a high number of patients lost to follow-up were unavoidable and may lead to concerns with regard to data quality. However, this non-interventional approach reflects current treatment of patients with MDD by office-based psychiatrists and should therefore allow generalization of our results to clinical practice. Perhaps the most serious shortcoming of noninterventional trials is selection bias because of absence of randomization. Another limitation of the study is the lack of a control group, as only duloxetine-treated patients were included.
All patients
Patients with 50% pain reduction 
Conclusions
Pain is a frequent and often severe concomitant symptom in depressive patients in clinical practice. Pain reduction after 2 and 4 weeks can be used to estimate long-term outcomes regarding successful antidepressive treatment with duloxetine.
The present results emphasize the importance of PPS associated with depression because of their potential role in predicting and achieving depressive symptom remission.
